A basic requirement for membrane fusion is that the two membranes must be brought sufficiently close together to allow fusion. This is complicated by the fact that most intracellular membranes have the same overall negative charge, at least when isolated. It has been pointed out that on theoretical grounds there is less of an energy barrier to fusion if at least one of the membranes is distorted to form a narrow protrusion (Poste & Allison, 1973) . Most fusion reactions occur rapidly and their exact site is difficult to predict. In this respect the acrosome reaction of spermatozoa has the advantage that there is a large area of membranes between which fusion occurs. This electron microscope study of that fusion process is part of a wider investigation (Wooding & O'Donnell, 1971; Wooding, 1973) to see whether the complex sequence of changes in sperm membranes before fertilization that has been described in other mammals (Bedford, 1972 , for a review) can be produced in the bull spermatozoon in vitro by detergents and other media.
The fusion of the acrosome outer membrane with the plasmalemma is the basis of the acrosome reaction in both vertebrate and invertebrate spermatozoa (Dan, 1970; Bedford, 1972, for review) . In mammals the reaction allows release of the acrosomal enzymes required to achieve passage of the spermatozoon through the investments surrounding the oocyte.
In several mammals the acrosome reaction does not occur until the inseminated spermatozoon has spent a certain time in the female reproductive tract or has been incubated in vitro in one of several media. This preliminary incubation, which does not appear to change the fine structure of the spermatozoon significantly, signifies the need for capacitation (Austin, 1967; Bedford, 1972 , for reviews). Hartree & Srivastava (1965) to facilitate the release of the acrosomal enzymes from spermatozoa and has been widely used for this purpose subse¬ quently. It is usually employed at concentrations between 0-05 and 1 % for incubations of spermatozoa for 30 to 90 min at 37°C (see Multamaki & Pelliniemi, 1973, for (Barros, Bedford, Franklin & Austin, 1967; Bedford, 1972, for (Bedford, 1970) . Therefore the vesiculation induced by a brief treatment with low concentrations of Hyamine is considered to represent an acrosome reaction analogous to that which occurs in vivo. Hyamine is the best reagent so far reported; it has the ability to induce the reaction without considerable prior incubation of ruminant spermatozoa (Hartree & Srivastava, 1965) . Triton X100 removes bovine sperm membranes in a reproducible sequence but does not induce any vesiculation (Wooding, 1973) .
Most observations on the sperm acrosome reaction have been made at the light microscope level. Vesiculation without prior capacitation has been reported for rabbit spermatozoa by Gabara, Gledhill, Croce, Cesarini & Koprowski (1973) using lysolecithin at 600 µg/ml, but no details of the process were given. Buthala, Ericsson & Chubb (1971) found that absorption of Sendai virus could bypass the need for capacitation in the rabbit, but it is not clear whether the acrosome reaction occurs under these conditions, since the microscopy was of whole-mount preparations of spermatozoa. The Hyamine effect has been studied by adding the twice-washed ejaculated spermatozoa to detergent made up to 0-005 to 0-01 % in the solution containing salts and fructose in which the spermatozoa were washed (O'Donnell, 1969) . Samples were pipetted out of the solution into glutaraldehyde fixative to stop the deter¬ gent action. The spermatozoa were pelleted and embedded in Araldite, and 200 to 300 sperm heads were counted from sections of each sample. Three categories were distinguished: spermatozoa with an intact plasmalemma and unswollen acrosome (intact spermatozoa), spermatozoa with a vesiculated upper acrosomal membrane and an intact plasmalemma starting from the equatorial segment of the acrosome (a.r. spermatozoa), and spermatozoa with no plasmalemma over the head and a swollen acrosomal boundary (swollen spermatozoa). Table 1 shows the results of a typical experiment. The lowest concentration which consistently gives the acrosome reaction is 001 %; if the reaction occurs at all in concentrations below 0-01 %, 20 to 30% a.r. spermatozoa are still produced. Concentrations greater than 0-01 % may produce an acrosome reaction, but they also remove most of the sperm plasmalemma and no intact spermatozoa survive. Since the object was to examine the onset of the acrosome reaction, only samples with some intact spermatozoa were examined in detail for evidence of the membrane changes.
Morphological effects of Hyamine
The structure of the bovine sperm head has been amply documented at the electron microscope level. In an intact spermatozoon (PI. 3, Fig. 8 Fig. 2 less density has been lost from the acrosome than in the spermatozoon showing vesicula¬ tion in Fig. 3. Fig. 2 Fig. 4 (a detail from Fig. 3 ). Notice the three classes of sperm morphology: intact (A), acrosome reacted (B) and swollen (C). Fig. 2, 32,000; Fig. 3 , 19,500; Fig. 4 Fig. 7) . Fig. 5 , 61,000; Fig. 6 , 16,000; Fig. 7 , 42,000 (detail of Fig. 6 ).
PLATE 3
Figs 8 and 9. Washed spermatozoa, not treated with Hyamine. Fig. 8 (Fig. 11 ) or even to a point contact (arrows, Fig. 12 ). Fig. 10 , 37,000; Fig. 11 Fig. 3 . Fig. 19 , 28,000; Fig. 20 , 61,000 (detail of Fig. 19 Fig. 9 ). After brief Hyamine incubation such spermatozoa are virtually absent but there is now a small percentage, much less than 5%, with a membrane showing a small period ruffling or corrugation (PL 3, Fig. 10 ). This low-amplitude ruffling of a closely applied plasmalemma appears to be specific to sperm populations treated briefly with low concentrations of Hyamine and seems also a likely prerequisite of the vesiculation reaction.
A connection between low-amplitude ruffling and vesiculation is borne out by the observation that the plasmalemma over the equatorial segment, which does not vesiculate, remains virtually flat yet very close to the equatorial segment outer membrane (PL 1, Figs 3 and 4; PL 3, Fig. 10 ). The ruffled plasmalemma does not normally come closer than 10 to 20 nm to the acrosome outer mem¬ brane (PL 3, Fig. 11 ) but indications of point membrane contacts equivalent to that in a tight junction have been observed (PL 3,  Fig. 12) .
In one or two of the ruffled spermatozoa the acrosome content is significantly less dense than in a normal, intact spermatozoon, and the apical crescent much more obvious (PL 4, Fig. 13 Fig. 16 ). In all of the partly vesiculated spermatozoa observed, the acrosome content is swollen and less dense than nor¬ mal (PL 4,  Fig. 14 Morphologically, a very similar vesiculation reaction to that described above has been induced in bovine spermatozoa by incubating them in bovine uterine fluid without Hyamine (PL 5, Figs 19 and 20) . After 3 hr at 37°C about 40% of spermatozoa showed the reaction, with 35% intact and 25% swollen. Other bovine fluids had no effect (Table 2) . No partial vesiculations were found. The similarity of the reactions induced by Hyamine and uterine fluid does suggest that the two processes are at least analogous, even though it is certainly not established that the underlying molecular mechanisms are identical. The variability in the time required for incubation (from 3 to 4 hr) to produce the vesiculation using uterine fluid has so far made observations of the earliest stages of the reaction even more difficult to find than when using Hyamine. A recent study has demonstrated that fusion may be preceded by an alteration of membrane contour, e.g. the protrusions induced from secretory granules in rat parotid gland follow a secretion stimulus (Schramm, Selinger, Salomon, Hytan & Batzi, 1973) . The early changes in the membranes in the acrosome reaction would be analogous to this process. However, such gross membrane changes give no information about the molecular mechanism of the process but merely make the fusion more likely to occur. A recent freeze-etch study has shown in Tetrahymena that there are preformed matching aggregates of intramembrane particles in membranes which are predictably about to fuse (Satir, Schooley & Satir, 1973) . The mechanism of the fusion process seems to depend on the association and complementary movement of these particles in the fusing mucocyst and cell boundary membranes.
Freeze-etch studies on bull spermatozoa (Koehler, 1966) show no differential distribution of intra-membrane particles in the head plasmalemma, although the detergent studies reported here (and Wooding, 1973) 
